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■ . TBEAITiDBNT OF TXPE 2 DIABETES MELLITUS 

' ■ ' . . .. . BACKGROnwn 

This application is a continuation-in-part of u.s. 
application Ser. No. 142,447 filed January ii, isee. 

« 

FIELD OF THE ywVFWTIOW 



more 



■ ..^^ °^ the invention is nedicine and, 
particularly, .the treatment of non-insulin-dependent, or Type 2, 
diabetes aellitus. , 

DESCRIPTION OF PBT.»i7 .p ;n ART AWn T>rrP O DpgpTnw Tn niwaTrn^ 
Diabet^5.,aell.itus . is, the most common of the serious 
metabolic diseases .a^ It: aay be defined as a 

state pf chronic hyperglycemia, excess suga? in the blood, 

consequent upon a relative or absolute lack of . insulin action. ' 
.Insulin is a peptide hormone produced and sepreted by B cells 
within the islets of Langerhans in the pancreas. Insulin 
promotes glucose utilization, protein synthesis, and the 
^formation and stoj^age. of neutral lipids, it is gerierally 
requ^re<i for l^e entry Of,, g^^^^ iiito, muscle, .Glucose, or 
"blood sugar", is normally present in humans at concentrations of 
about 0.8 - 1.2 grams (4.0 - 7.0 millimoles) per liter and is the 
principal source of carbohydrate energy for man and many other 
organisms. Excess glucose is stored in the body (especially in 
the liver and muscles) as glycogen, a starch-liJce substance which 
is, essentially, polymerized glucose. Glycogen is metabolized 
into glucose as needed to meet bodily requirements. 



2 ■ -; 



. .. .: Gluco?e nora^lly st4»ulates..bott the secretion and 
biosynthesis of in^;^. In addition to .this giucose-sti^alated 
insulin secretion, ^ovever, there exists a basal insulin 
secretion, the biological process by which insulin is released 
into the Circulation, in . tl.e : abs^ce,of sti«ula by levels of 
glucose, or other agents that promote insulin secretion, elevated 
^T^^.«»^"^a.sting.^.pr.non^fed..level^^^^ 

fasting, level .Of insulin is usually about lo-is ;.u/ai (or 440- 

700 p»ol/L) , Which occurs during normal fasting glucose levels of 

about 4.0 to 5.5 ^ol/L, Levels of insulin secretion stimulated 

by glucose amounts elevated above the normal fasting level of 

glucose can reach, or .exceed. 320 MU/al (or 14 «„o1/l) In non- 
diabetics... 

) :<51ycogen,is .nozm^lly :synthesi2ed . from glucose at a 
basal, rate, 1^, the rate of synthesis -that proceeds in the 
absence of, glucose-stimulated insulin secretion. At. the normal 
basal rate of insulin secretioh, in fact, about 90 percent of 
total glycogen synthesis is probably not directly stimulated by 
.insulin. Of , course, insulin-stimulated glycogen synthesis is a 
normal. ^ccurrenc. and, at the maximal glucose-stimulated insulin 
.secretxpn rate, approximately seventy percent of total glycogen 
synthesis is caused by direct insulin stimulation. 

The hyperglycemia associated with diabetes mellitus is 
a conseguence of both the underutilization of glucose and the 
overproduction of glucose from protein due to relatively 
depressed or nonexistent levels Of insulin. In so-called Type 2 
diabetics, for example, maximally glucose-stimulated insulin 
levels typically fail to rise above 90 MU/ml (4.0 nmol/L, 
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■ Not only is diabetes mellitus characterized by a series 
of hormone induced metabolic abnormalities, but also by long tenn 
complications involving the e^^^^ nerves, kidneys, and blood 
vessels, and by a lesion involving thickening of the cellulkr 
*«.f^ent jnembr^nes.. These diabetic complications include 
pranature atherosclerosis, intercapillary glomerulosclerosis, 
retinopathy, and neuropathy. The major cause of death and 
disability in diabetes >s coronary artery disease. Garcia MJ, 
McNamara PM, Gordon T, Kannell WE, Morbidity ar,d inori-^i,-^Y 
: AiabetAcs in th^ Praiqinqham population, sivi-^o n va^t- 
Diabetes 1974; 34:105.-111. This publication and all other 
references noted herein are hereby incorporated by reference. 

Although the diagnosis of symptomatic di^^ 
is not difficult, <arte^ti9n of asymptomatic disease can raise a 
number of problems. .^.Diagnosis may usually be confirmed by the 
demonstration of fasting hyperglycemia, in borderline cases, the 
.well-known glucose tolerance test. is usually applied. Some 
^^'^f suggests, however, that the oral, glucose tolerance test 
- overrdiagnpses diabetes ..to a considerable ..degree, .probably 

^^'W^^^^^^^'^'^ ^ ''^^ of sources, (mediated through the 
release of th^ hptmo^^ epinephrine) can cause an. abnormal 
response, in order to clarify these difficulties, the National 
Diabetes Data Group of the National Institutes of Health have 
recommended criteria for toe diagnosis of diabetes following a 
challenge with oral glucose. National Diabetes Data Group: 
■ Classification and diacmosi^ of d<;,ho^^., m eini-nc .r.^ \..u^^ 
■ categories off glucose intolerann^ . Diabetes 1979; 28:1039, 
The frequency of diabetes mellitus in the general 
population is difficult to ascertain with certainty, but the 
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disorder Is believed to affecit;.B6re;iiha^^ million Americans. 
Diabetes nellitus generally cannot be cured but only controlled. 
^^^^^•y^^it has becoine apparent ««t there are a series of 
^^^^V'^ syndromes^, ii^cluded under the umbrella term "diabetes 
mellitus". . These synd^romes differ.both in clinical manifesta- 
tions and in their pattern of inheritance. The term diabetes 
»ellitus is considered to apply to a series of hyperglycemic 
states which e:diibit the characteristics noted above. 

Diabetes mellitus has been classified into two.basic 
categories, primaxy and secondary, and inc-Ludes impaired glucose 
tolerance, which may be defined as ..a state associated with 
abnormally elevated.blood glucose levels after an oral glucose 
load, in which the degree of elevation is insufficient to allow a 
diagnosis of diabetes to be made. Persons in this category are 
at increased ^i^X for the de,^iop„ent"of ^f^^ „^ 
symptomatic diabetes relative to persons with normal glucose 
tolerance, although su.A a progression cannot be predicted in 
individual patients, m fact, several large studies suggest that ^ 
»ost patients with impaired glucose tolerance (approximately 75 
percent, never develop diabetes. jarrett JUT, Keen H, Puller 

OH, McCartney M, go^s^r^^ng to d1ah.t.. ^^p^, , , ,^ 

g lucose tmpr > ,nce f ^BordPrHnP r^i.hntnc ^ . Diabetologia 1979 r 
16:25t30. 

Primary diabetes mellitus Includes: 

insulin-dependent diabetes mellitus (IDDM, or 

^-insulin-dependent diabetes mellitus (niddm, or 



1. 
2. 



a. Kon-robese Type 2 

b. . Obese Type 2 
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'^^il"^^^^'?'^®^ diabetes of the young (ITODY) . 
. . P.^^°^^^^^^^^^&tes Jaellitas includes diabetes mellitus 
secondary to: ..... 

!• Pancreatic disease 

2. Honional abnormalities other than priaiaiy lack of 
insulin action (g^, Cushings disease, 
Aqixai|egaly, Phaeochrosnacyt 

; . ;,3..^ J J -DMg or ..che^ induction . ' 

U.,.. . v.... Insulin receptoir jajnormalities 
• .1 Genetic syndromes 

.6. ,, Other. . . 

It should be noted that the category of secondary 
diabetes mellitus is of markedly less importance than is that of 
primary diabetes mellitus in terms of the absolute numbers of 
^'SS^'^r^^*^^?*^':?f, in th^ western world. , Also^ the 

app^a^ance bf ; abnormal carbohy<?rate metabolism in association 
with,any of the above secondary causes does not necessarily 
indicate the presence of underlying diabetes although in many 
cases a mild asymptomatic, primary diabetes may be made overt by 
the secondary illness. 

Type .2 or non-insulin-depenclent diabetes is of present 
.^'^^f^-^e^ein., insulin resistance is a characteristic of Type 2 
diabetes and may be defined as a failure of the normal metabolic 
response Of peripheral tissues to the action of inkulin.' in 
other words, it is a condition where the presence of insulin 
produces a subnormal biological response, in clinical terms, 
insulin resistance is present when normal or elevated blood 
glucose levels-persist in the face of normal or elevated levels 
Of insulin. : It represents, in essence, a glycogen synthesis 
inhibition, by which either basal or insulin-stimulated glycogen 
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synthesis, or both, ^re reduced below nonUi levels, insulin 
resistance plays a »ajor"role in Type 2, as demonstrated by the 
fact that the ^^^Tj^^ PX^^ 2 ^abetes can 

sonetiBes be reversed by diet or weight loss sufficient/ 
apparently; to . restbre , toe. of peripheral. tissues to 
insulin.; There ar^ at leist t«o ^uses of l^perglycemia in Type 
2 dlabetejs,. .._ 

^* failure of qlueofi^ c-^>^^ n qe tn ho _ 
is known that the storage of carbohydrate as glycogen is a likely 
consequence of i^t^raittent .carbohydrate -feeding because each 
calorie load can easily .exceed iimediate metabolic needs, in the 
. ^^^r provides .a aeans of clearing the plasma of 

site of Wdiate 

glucose disppsal is Skeletal mu^^ S^ Katz.LD, Glictanan MG, 
Rapoport s, Ferrannini:E,..DeTronzo Snl^.w. r-TlrVrm 
■ dlspo^^^ of oral qluen,.P in p^n . Diabetes I983y 32:675. The 
failure of glucose storage to be, activated in Type 2 diabetics 
during the .administration of carbohydrate leads to reduced tissue 
uptake Of. glucose, and. may be; to insulin 

"^-istanc^, s^LilliojaS,^^^^ 
.Abbott WG,^,Bogardus^^g^ <.iucose stora ^ is a. m^j o. ^^ ^tg^^j,!^ 

Saifflaasa. J ciln Endoc Metab isee,- 621922-927. 
_ I ttBSt in 1p -.n1 in rnm. - Howev.r, « d.f.ct tn 

".lin .t=„„ or release is also Wved, ..caM« ^..ively 
.Obese people „lt. „ar.ed Insulin resistance us«ll, dc ..,e 
^yper,lyce^e or diabetes »Uitus. ^ w.j„,^. ^ 

^^-^^^^^^i^^S-i^Uafe^. Proc Katl .cad Sci usA 19S2; ,9:4432- 
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4436. This ^finding suggests that the. normal pancreas has 
sufficient reserve to . conpensate for insulin resistance imposed 
by obesity or other factors while the pancreas in Type 2 subjects 
'^^^^ 7^°^- this sesnse, therefore, the primary defect can be 
considered to be a dysfiinctional islet B-cell, although the . 
abnoraality would not be recognized without the additional 
symptom of insulin-resistance. It nay be that those patients with 
non-obese Type 2 have a more severe defect in insulin release. 

The nature of the islet B-cell lesion in Type 2 
diabetes is unclear. Unlike those in Type 1 diabetes, the Type 2 
^.^^?:^^tAin the ability to synthesize and secrete insulin,: as 
evidenced by the presence of insulin and C-peptide both in these 
cells and circulating in the plasma. Available studies suggest 
that there is a modest reduction in the numbers of B-cells, but 
this is insufficient to account for the observed reduction in 
insulin secretion, gee Stefan Y, Orci L, , et al.. Diabetes 1982; 
31:694-700. It has therefore been thought to be likely that the 
remaining. B-cells have impaired function, manifested as a delay 
in the initial secretion. of insulin in response to a glucose 
load, even in the earliest detectable stage of the disease, and 
by the fact that in ^ype 2 diabetica secreted at 

; any glucose concentration .in both^^oyertly diabetic, subjects and 
in those with clinically latent forms of the disease. 

The primary aim of treatment in all forms of diabetes 
mellitus is the same, naaely the reduction of blood glucose 
levels to as near normal as possible, thereby minimizing both the 
short- and long-term complications of the disease, ggg 

Tchobroutsky G, Relation of diabeti. ...n^^.i ^ev^m . 

microvascular complT rat lone; . Diabetologia 1978; 15:143-152. 
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The treataent pf Tjfp^ 

*^^i.^^5f^i°^,Pf.^ of insulin, administered 

by the parenteral route, m conbination with the correct diet 
and self-blood glucose monitoring, the majority of Type 1 
patients can achieve reason^^^ glucose. 
Treatment of Type 2,. ^ contrast tp. to^^ p£ j 

freqi^ently^.dpes not^ require the use of insulin. Therapy may be 
based on diet and lifestyle changes, augmented by therapy with 
oral .hypoglycemic agents (sulfonylureas or biguanides) . 

Modification of the diet and lifestyle is the first 
line of therapy in Type 2. If obesity is present, it is also 
necessary to reduce^ body, we^^ Important 
features of the diabetic diet include an adequate but not 
excessive tptai calorie intake, with regular m restriction 
°^ °^ ^^^^f^^^ * concomitant increase in toe 

polyunsaturated fatty acid content; and, an increased intake of 
bound carbohydrate ("dietary fiber") . a second important life- 
style modification is the maintenance of regular exercise, as an 
aid both to weight . control and also to reduce the degree of 
insulin resistance. 

• ;,Ihas, inBtl^uMon of therapy i,,.iyp. 2 usually i™,ivas 

* ..typically for six to twelve Werts In 

the first instance. If aft«r an ada^aate trial of diet and 
llf-style ,««lific.tion, fasting hyperglycemia persists, then a 
diagnosis c, .primary diet failure- »y he .ade, and either a 
trial Of oral hypoglycemic therapy or direct institution of 
xnsuim therapy will he re^ to produce blcod^jiucose control 

thereby, to minimise the complications of the disease It 
-St be .o^ed .that although weight loss is the aim of lifestyle 
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- ??.^A-^f 5:.^^.f is , of cqtiirse, . f reqqentiy not 

achieved. 

Type 2 diabetics that fail to respond to diet and 
weight loss may J^spond to th^ra^py with ^ ^^^^ The class 

of sulfoiqrlurea,dinig^ includes Acetohexamide, Chlorpropamide,.. 

TolbutaMde, Gl^^^ Glibomuride, 
Giiclazide, Glipi^ Gliquidone and Glymidine. These drugs act 
priaiariiy by augmenting beta-cell function 

and are relatively easy to use. It is important to understand, 
however, that all sulfonylureas may lead to hypoglycemic 
reactions, including;. crcMna, ,four;..o^ jupre. hours, .after meals,... .. 
Indeed, hreoglyceaaic .e^ last for several days so that 

^ ?l'?c,ose administration is required.' 
Reactions have, ^^q^ dose, . after several days of 

treatment, -or .after ^^^^ drug administration. , Most reac- 

tions are observed in patients over .50 years of age, arid they are 
more likely to occur in patients with impaired hepatic or renal 
function. Over-dosage, pr inadequate or irregular . food intake 

f ni^i^l?^ hypoglycemia, pther „drugs can increase the risk of 
hJrPPglycMiia .fron sulfonyluireas including other hypoglycemic 

^Bl^^^P^'^^S' Propranolol, salicylates, phenylbutzone, 
probenecid, diciimarol , choloramphenicol , monoamine oxidase 
inhibitors, and alcohol. 

Additionally, it is understood that sulfonylureas 
should not be used in patients with hepatic or renal insuffi- 
ciency because of the importance of the role of the liver in 
their metabolism and the kidney in the excretion of the drugs and 
their metabolites. Furthermore, these compounds are best avoided 
in obese patients unless their symptoms and diabetic control have 



not Improved despite weight loss to within 15 percent of their 
ideal body weight, as tiiey tend to encourage weight gain. 

The suggest:ion 'ai.so>een made that sulfonylureas 
W <»use an increase in morbidity and mortality from coronary 
artery disease. Sgs University Group Diabetic Programme. \ 
Sfeaaz^ tbe effects of hvT>Q«W^^ff ^.e a«^ni-... ^^■^r '-'nr 
. complications in pat^ent■s wit h ad,ni- :- o nset di.ho-H., Diabetes 
1976; 25:1120-1153. That study has been criticized for analyzing 
data according to the treatmei^t groups to which patients were 
assigned, regardless , of adherence to therapy. Critics have 
suggested that patients given insulin in variable dosage to 
optimize glucose control might have had a decrease in . 
^^^^'Mtoyascuj^r m^ Kilo c, Williamsw, jr, choi sc. 
Miller JP, . yefut^nq the Ttnlversl tv c-m«n n,-,w^^ -rn-p-mmnr ' 
conclu^^on tnat insul in treat^^nV 

SO|^pUc:^tloT,5. \jy M^or., ^js^j^ Biol 15797 119:307-311, , 
and that the drug Tolbutamide, might only be associated with ' 
ir^creased mortality if the fasting blood glucose remains above 
11.1 mmol/i^, Kilo c. Miller JP, Williamson JR, ^^^j,,^ 

the university g rou p diahetir progr am.. , ^_.^^,V 

fe ^ologicany inapprop riate dat. . T^ nyr i^ . Diabetologia isao- 
":179.185. Nevertheless, and in spite of the availability of 
therapy with oral agents, -the rate of morbidity ^d mortality 
from coronary artery disease in Type 2 populatiohs remains 
considerably higher than that in ^ori-diabetics. . 

Another group of compounds, the biguanides, was 
developed independently of the sulfonylureas, of the three 
antidiabetic biguanides, which include phenfo.in, only metformin 
useful, .n treating Type 2 diabetes with a lesser risK of side- 
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effects when applied In a well controlled regimen. Sge Schafer 

Picruanldes. A review of history, p ^armaeodvnamlea aT^ ^ 
aieESEZ- Diabetes et metabolism 1983; 9:148-163. .. Metformin does 
^^.^ A"®^*.® fn. insulip secretion, but is thought to 

exert iM. hypogrlyqeaic. effect toinly .b peripheral 
glucose utilization. . Like the sulfonylureas, however, it is only 
effective in diabetics with a degree of residual endogenous 
insulin secretion and, therefore, it presumably acts by increas- 
ing the sensitjivity of peripheral tissues to insulin. Other 
metabolic effects of metformin which are believed to contribute 
'^*? .^*>diabetio action include: 1) the induction of intest- 
inal malabsozption of glucose and other nutrients; 2) the 
inhibition of increased hepatic and renal gluconeogenesis; and 3) 
the inhibition of lipolysis and free fatty acid oxidation. 
Unlike insulin, however, metformin does not encourage lipo- 
genesis. It. is most frequently used in overweight diabetics who 
cannot, or will not, lose weight. Metformin does not exert a 
hypoglycemic action in non-diabetic subjects. 

Because of th^ real and unpredictable risk of the 
frequently. fatal complication of lactic acidoses, use of the 
biguanlde phenfornin has been discontinued. Metformin is not 
free from this hazard, however, and the decision to use it in 
therapy must therefore be taken with care, and only in those 
patients Who have undergone primary dietary failure, and who 
either are overweight or have also undergone "secondary sulfo- 
nylurea failure" (and are overweight) . it is recommended that 
metformin not be; given to patients with renal disease or a 
history Of alcohol abuse, and its use r.ust immediately be stopped 
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appears,. ... .. ' ' ''^ • ' ; '.. " ' - • 

- V".:-^^,,?^^^^^ notwithstanding the above-no.ted 

avenues of treatment; insulin therapy remains the treatment of 
Choice for many patients with Type 2 diabetes, especially those 
Who have und«^one j,rimary ,diet failure and are not obese, or 
^^y^..^.^^^on^Po1A pr diet failure and secondary 

oral hypoglycemic failure. But it is .. equally clear that insulin 
*»^«^?PX aust be combined with a continued effort at dietary 
control and lifestyle modification, and in no way can be thought 
of as a substitute for these. In order to achieve optimal 
results, insulin therapy should be followed with self-blood 
glucose monitoring and appropriate est Wes of . glycosylated 

be ^dmWered .^in various 'regimens 
alone, two. or. multiple inJectior^ of short,, intermediate or long 
acting insulihs,.. or mixtures of more, than one type. The best 
regimen for .any patient must be determined by a process of 
tailoring the insulin therapy to the individual patient's 
monitored response. 

Th, . trend to the , us, of It^isulte th^eraw in Type 2 
■^/^..S?! i"=«Med^»lth the ooden,; realization of the 
.»portance of .triot glyce^c control in the avoidance of lon,- 
tex. diahetlc complications. I„ non-obese Type 2 diabetics with 
secondary oral hypo,lycenic failure, however, althou* insulin 
therapy ^y 3„^^,^ ^^^^ ^ 

"spo, ,3 ^ ^ assured. . ^. ^^^^^^ 

«elt. c. si^son Barret ^^^^^tiis^^i,,^ 

^taifiaEaffiifls. »nn mt Ked 1979: 90:195-97 t- 

In one study, only 31 
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percent of 58 noh-obese patiehts.' who were p^^^ controlled on 
of oral hyppglycMdc agents .'achieved objectively 
verifiable ijqirovattenl:. in control on a simple insulin regimen. 
See Peacock I, Tatteir^all RB, The diff ioi Ut chole^ of treatm^nf 
fpr poorly controlled aatirr itv-ofisefc diabetes; f^blets or 
majUn. Br Med J 1M^^^^288:W^^ 1^ obese iiabitics with 

se^ndai^ failure, the pi less clear-cut because in 

this situation Insulin frequently increases body weight, often 
Av?o^.!=pJo.itant^ 

^^11 J'® apparent, therefore, that the current state 
of knowledge and practice with respect to the therapy of Type 2 
diabetes is by no me^ns . sat^^^ 

undergo P^iaary dietary, failure. ,with ';tiae, W the majority of 

"^^T - -T^E® ;:? body weight . 

Although oral hypogly^^^ .are frequently successful in 

reducing the degree of .glycemia in the event of primary dietary 
failure, many authorities doubt that the degree of glyceaic 
control attained is sufficient to avoid the occurrence of the 
long term complications ,o€ ^atliep^^ disease, neuropathy, 
nephropathy, retinopathy and peripheral vascular " disease 
associated with longstanding. Type 2.diabetes. The reason for 
this can b^^appreciat^d in the light of the current realization 
that even minimal glucose intolerance, approximately equivalent 
to a fasting plasma glucose of 5.5 to 6.0 mmol/L, is associated 
with an increased risk of cardiovascular mortality, see Puller 
OH, Shipley «j. Rose G, Jarrett R^r^ Keen H, Co£2naSL^eart 

toa^risH and i^pairPd crlnnn^r r„1 Whitehall 

study. Lancet 1980; 1:1373-1378. It is also not clear that 
.nsulin therapy produces any improvement in long-term outcome 
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over treatment with- oral hypoglycemic agents. Thus, it can be 
appreciated that a superior method of treatment would be of great 
utility. Such a nethod, and compo^^ds. useful therefor, are 
described and claimed herein.. 
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.The invention provides compounds and methods for 
regulation of the effects of amylin, a hormone isolated from the 
pancreatic amyloid masses typically found in Type 2 diabetics and 
Which we have found pleads . in .elevated amounts to abnormal insulin 
release and abnormal, glycogen synthesis. This regulation can be 
ac^bomplished, for example, by blocdcing the binding of amylin 
and/or calcitonin gene related peptide (CGRP) and/or other amylin 
agonists; or biologically active sub-peptides of amylin ^or cgrp, 
by the use of competitive inhibitors including substituted or 
altered peptides or subpeptides of amylin or CGRP, or by the 
regulation of the expression or production or release of amylin ' 
or CSRP, or active sub-peptides thereof. Disclosed are methods 
for identifying additional compounds having irtiUty for the 
Type 2 .diabetes. 

Chffliol «blgoni.t. to ^lin which bind to the amylin 
receptor without tri^erin, a response are used to reduce the 
e«e=t« « -viin or aayiin agonists (including CSRP, or 
biologically active subpeptides thereof which act to inhibit the 
body.s basal and insulln-sti^ated responses to glucose, or to 
prevent the interference of those molecules with Insulin release 
Thus, reduced ^lin. unamidated amylin, the substituted ser^ 
-r peptide, and subpeptides of amylin and described an^ 
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claimed herein can function to ameliorate insulin resistance in 
muscle. Other competitive antagonists include cross-linked 
amylin agonists (including amylin, CGRP and active subpeptides 
thereof) and synthetic amylin. Direct blockage of the amylin 
receptor can also be accomplished with monoclonal antibodies and 
anti-idiotype antibodies. Other chemical antagonists to amylin 
and amylin agonists include organic expounds which can be 
assayed and/or screened for anti-amylin effects by methods 
disclosed herein. Noncompetitive .amylin antagonists include 
antibodies directed to the active sites of amylin and CGRP. 

DETAILED DESCRIPT TCN OF THT; IWVEWTTnW 

amyjloid is tJtie name given to extracellular deposits of 
twisted-heiical, paired protein filaments formed from anti- 
parallel beta-pleated sheets of identical polypeptide subunits 
gee Glenner GG. .Anvloid deposi ts and amvioidosifi- t^ o 
beta-fibri»oses . N Engl J Med 1980; 302:1283-1292. A deposit 
of amyloid niaterial, islet aanyloid, is frequently found in the 
pancreases, of patients with Type. 2 diabetes mellitus. see Clark 
A. cooper GJS et al., JLslet amyloid formed fm n piabPh.:.^- 
Ap^ocA^ted Peptide may be Dathog^nic in Tvn^ tt ^i.y.^*.^^ Lancet 
1987; 2:231-234. In Type 2 diabetics, some workers have reported 
deposits of islet amyloid in more 'than 90 percent of the islets 
Of Langerhans, bodies comprising clusters of endocrine-secreting 
cells scattered throughout the substance of the pancreas. These 
deposits can occupy up to four-fifths of the islet and are 
associated with a loss of B-cells and B~cell density, see 
Westermark P. Wilander W. . Diabetologia 1970; 15:417-421. 
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Studies have indiqated'. to the nusiber .of isletV 
affected and the extent of amyloid deposition increases wito^^ 
degree of hyperglyc^aia . in huaa^is .^sgg Schneider hm, Storkel S 
Will . HM/ Das aPYXoid^d^r T^n.T^irh^i.««^^^ ina»H^ . 
frp?X^Hunq dUbetPS "tbpT T i tii^ . Dt Med Wschr .1986 ; 105 : 1143- 
1147) and in Type 2 diabetic Masasa fligra monkeys, gee Howard 
^^'Titudinal studies on the dev^l^ ^ ^ of ^ 4»>,^4.^, 

individual narar^ ^ ^Trn v ■ Diabetologia 1986; .20:301-306. It has 
also been sho^^ 

increases M does the severity Of Type 2 diabetes, as judged by 
the need .for insulin ,t^^^ such that 100 percent of a series 
of insulin^tr^ated Type 2 diabetics had significant islet " 
amyloid, see Maloy et al.. The relation ^. 
clinical type of d^^bf^ P j^ ^ 'H»^n,..^athol,, ,1981, .12: 917-922. The 
prevalemre of isl^V«^ic»id in'ttxe.Type l -diabetic popiuation is 
mu<ax..the,sa,^. as that^in .the. .non-diai,etic peculation. See^^^^^^^^^ 
et al., suEsa. This.has lead to the hypothesis that islet 
-nyloid itself Mght be a factor leading to the abnormal insulin 
secretion in Type 2. diabetes. .. Sge clarJc et al. Lancet 1987; 
2:231-234. • 

.^-^^y^if-of t?Ut:a«irl=la has previously been 

" the pe„cr«. es . whole. Recently, e partial description of 
" l»PUre peptide deposited in amyloid fihrils i„ „ i^,^ 
^.pressing t^or of the islets of I«^rh«„ (.„ -insulino^^, 
was reported. ^ «.st.„ar. P. «e^t«l, ^ 

».=Phys Res CO- l„6, 140..«,-a3i. The peptide described 
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^P^^^^f impure (no more than about 10% pure) 

fart," only the first nineteen residues .could.be 
identified. . Subsequent studies, presumably on the same impure 
preparation, resulted in the identification of thirty-six out of 
thirty-seven residues of a peptide. The residue at position 
thirty-six could not be identified and it was suggested in the 
^Sf^^^n^ J^eport that two. other residues were different from those 
previously reported.. Sea Westermaric P., Wernstedt c. , Wilander 

..^y**®!" P*^', O'BJfien TD and Johnson KH, Aavlold fibrils In 
human insulinoma and I slets of Lanoerhans of the diabetic cat are 
derived ^roro a neuropeptide-llke protein also t^j-^^m In normal 
4.slet cel3.s. Proc Natl Acad Sci JJSA 1987; 84:3881-3885. 
Westennark et al. have designated the peptide "Islet Amyloid 
^°^^^P^^^^"j' .9^. ^^'. subsequently lAPP, 

reported the purification 
and. compiete , characterization of a peptide from amyloid masses 
extracted from Type 2 diabetic pancreases. The amino acid at 
position 3€ was unequivocally identified as threonine in separate 
isolates of the peptide, fcpm two di^^^^ pancreases. §S& Cooper 
GJS, Willis AC, Clark A,.anirner RC, Sim RB, Reid KBM, Purlfica- 
■ tion and characterization of a p P- ptide fmm ^he amvl o^d-r-^ 

^yP^ ^. '^^'^*^^t^° PftiPnts . . . Proc Natl Acad Sci USA 
1987; 84: a628-8632. This peptide was shown to be highly pure ' 
(more than 90* pure) on the basis of the comparison between 
sequencer yields and the results of quantitative protein analysis 
on samples of purified peptide. .Cooper et al. designated the 
peptide "Diabetes Associated Peptide", noting that it is present 
in extracts from diabetic subjects but absent from equivalent 
extracts, from non-diabetic subjects. Diabetes Associated Peptide 
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(«DAP«) is tJie subject Of XJnited Kingdom Patent Applicati^^ 
8709871 (entitled "Peptides") filed on April 27, 1987, and 
corresponding U.s, Applications filed April 27, 1988 and 
November 23, 1988, and the use of the peptide in isolation or in 
conjunction with insulin for the tre^^ mellitus 
is the subject of United Kingdom Patent Application No. 8720115 
(Entitled -JTreatment of Diabetes Mellitus") filed on August 26, 
1987 by G.J.S, Cooper and M.S, Cameron. 

DAP is characterized as a peptide having the following 
amin o acid sequence:. 

l4YS-Cvs~Asn-rrhr-A1a- ^r-Cys-aia-Thr-ST'°- 

11 15 20 

ArtT-Leu-Ala-Asn-Ph.»-T.oi,^,Ty»i -ff,- g er- 

■• .21 . . . ■ ■ • 25 . 30 

Ash-Asn-PheHSly-Ala-Ile -Leu-ser-RA-r-Th^- 

31 • . .. . 35 • •• 

Asn-Va 1 -ci, Y-fior -Asn-Thy-TY ^ 

Evidence indicates that the native molecule contains a disulfide 
bridge between the Cys residues shown at . positions 2 and 7 in the 
primary structure of DAP, is amidated at the 3* end, and is 
formed as a propeptide, i.e, amylin plus the. H-teminal amino acid 
sequence comprising GSN^shlphvtshqvekr, kr being the processing 
signal. Tor full biologic activity of amylin it is necessary to 
ensure existence of the amylin cysVcys' disulfide linkage and 
that the molecule is not Unamidated. . Our secondary structural 
prediction analysis of the. amino acid sequence by -the methods of 
Chou and Pasman, and of Kyte and Doolittle (iee chou, P y 
Fasman, cdJ^ Annu. Rev, Blachem. 1978; 47:251-276 and Ky^e j 
Dooli.tle, R.P... HOI. Biol. 1982; 157:105-132, further indicates 
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that the aiddie portion of the molecule, in particular that 
portion lying between residues 18 and 27, is likely to be 
responsible for. the rfbrftatipn of .t^ie . islet; amyloid aasse^., as 
this portion , of the np^^ecule is hydropathic and has a strong 
tendency to, beta-shfeet f orMation. /. We have ejqoerimentally 
cpnf irmed .this tendency, within the stated portion of the 
molecule, to fpra . ■insoluble aggregates.. We have also detected 
DAP in normal pancreatic tissue, albeit at lower concentrations. 

Because DAP has been isolated from amyloid masses in 
the pancreas and because of its iikely role as a receptor- 
mediated hormone, as discussed below, for the purposes of this 
invention, DAP will bei referred to herein as "imylin". The 
amylih" sxiiipeptlde [2], shown below, is amyloidogehio (that is, it 
possesses the tendency to form amyloid): ' 

*>••-..-■"- ■ J . . . • 

: 

18 20 25 

[2] His-Ser-SeTTAsn-Asn-Phe-Gly-Ala-lle-LeU 

We ..have further discovered that amylin is at least 
bifunctional.and that two of the biological effects of the 
molecule are that (1) it causes B-cells within the islets of 
Langerhans (insulin producing cells) to release less insulin in 
the presence of amylin than they do in the absence of amylin, and 
(2) it causes a major reduction in both basal and insulin- 
stimulated glycogen synthesis in skeletal muscle, by causing the 
muscle cells to ignore the insulin signal. 

we discovered that these activities are present in 
different portions of the molecule. We determined that one 
active site of the peptide is located in the C-terminal region 
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occupying positions 27-37 of the . peptide as indicated by the 
tmderlini^ .of^res^^^^^ in the above dia^i of the " 

eo»plete ^yl^p aolecale [i] . This was demonstrated in .Example 4 
b^ Wie inhibitipn of the release of insulin by pancreatic- 
Islet B-cells after a glucose challenge following, treatment of 
isolated islets of Langerhans with the amylin subpeptide amylin 
27-37. in the same Example is shown the identical effect using 
the subpeptide,CCTP.27-37, whi;i;we. believe affects the amylin 
receptor as an agonist, as does whole CGRP. 

. have -also discovered that the H-tenninal portion of 
amyl^ yorks ^o prevent the processing of glucose >tp glycogen, 
a process Which is normally markedly stijiulated by insulin. This 
was demonstrated by inhibition of activity of the skeletal muscle 
enzyme glycogen synthase as determined by demonstration of a 
reduction in . tte amount of incoz^o^atio^ of radioactively-muscle 
with amylin . and . amylin peptides in Examples i and 2 below.. ' 

' we believe that in normal . concentrations 

amylin is part of a ...control system which reduces the action of .= 
insulin to increase^carbohydrate uptake into skeletal muscle (and 
hence storage into glycogen), with the secondary effect of 
preventing hypoglycemia when ingulin concentrations become 
excessive in relation to circulating glucose levels. cooper 
CJ.S., Cameron M.S. "Treatment Of Diabetes Mellitus". ixnited 
Kingdom Patent Application No. 8720115; August 26, 1987. The 
biological activity of amylin is probably a newly discovered 
endocrine homeostatic mechanism whereby the body is able to 
control the distribution of carboKydrate energy (as glucosej • 
according to minute to minute requirements. 
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^® ■"'®*t?l*"i^ be thought of as Pompleaentary 

to the ii^ulin-mediated contj^^ glucose storage as glycogen in 
skeletal nuscle. 1% appears llicely .that amy 1 in works, via a 
receptor-mediated iiechanism which serves to control the activity 
of glycogen synthase, probably in a way analogous to the func- 
tioning of the insulin receptor through secondary intracellular 
messenger nolecules ..(m. Czech MP... The natur e and r'^,'l^^^ r. J ^ of 
th^ Ansmip receptor structure and funetjnn . Ann Rev Physiol 
1985; 47:357-381 and Espinal J. MechanlsTnc. -i"..ulin aetton . 
Nature 1987; 328:574-575) and thereby controls the incorporation 
of glucose into glycogen. 

Thus, utilizing in vjtro methods we found that isolated 
rat skeletal muscle tissue presented with insulin and radioactive 
glucose showed ,a .decrease in glycogen synthesis at all, physio- 
logical concentrations in the presence of amylin, and certain 
amylin subpeptides, compared with control ...eacperiments in which 
those amylin compounds were not present.. These unexpected find- 
ings were confirmed as described in Examples 1 and 2, infra , 
with: 

1) whole synthetic anylin (residues 1-37, 
synthesized chemically by the method of 
Barany and llerrif ield (1979) . "Solid 
phase synthesis" in Grass, E. 
Kelenhater, J. eds. The Penti rioe 

Academic Press New York, New York) ; 
2) whole native amylin' eixtracted from a 

diabetic human pancreas and purified 

according to the method of Cooper G.J.s. 

et al. See cooper G.J.S., Willis A.c. et 
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. ^'^C- Watl -Acad Scl USA, supra , in 

.whic|> .^e . identity of tile molecule was 
deterged by amino acid sequencing 
according to the Ednan method on an 
Applied Biosystems 470A protein 
.... ....f^f^enFef .-.CSSS Herrick, .cm. , . 

Huiilcapiller, M.W. Dreyer, W.j. .... 

J.Biol. Chem. 1981; 2561.7390-7997) 
using, the p2CPTH cycle in the 
Version 2.0 software (Applied 
Biosystems, Foster City, CA) ; and 
3) with .various sui^eptides (identified as 
subpeptides [3I;,[5J below) corresponding 
to that portion of amylin comprising the 
..first 16 residues (with and without the 
2-7 disulfide bridge), and residues 
... 8-37, all chemically synthesized 

according to the method of Bar^ny^ ahd 
Merrifield, sunra . 
subpeptides [3J and [4] in which activity in reducing 
the incorporation of radioactive glucose into glycogen was 
demonstrated were as follows: 



1 I . 5 1 

C3 3 ^-ys-Pys-Asn-Thr-Ala-Thr-cys-Ala-Thr-GlS 

Arg-Leu-Ala-Asn-Phe-Leu 



•1 5 
£*] . ^ys-Cys-Asn-Thr-Ala-Thr-cys-Ala-Thr-Gln- 
11 15 



► ,.:^-I<eu-Ala-Asn-Phe-Leu 
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The sulipeptide [5]/ corresponding to the 8th to the 37th residues 
of amylin;^ ailso reducedi the incorporation of radioactive glucose 
into glycogen, and is shown below: 



^,..,4,-^^^ •••■••^v-, ■■' ^-^0 

Asn-Asn-Phe-Gly-AIa-lle-Iieu-Ser-Gly-Thr- ' 
Asn-Val-Gly-Ser-Asn-Thr-Tyr 



toylin peptides in which no activity in reducing the 
insulin-stimulated incorporation of radioacitiye glucose into 
glycogen -in isolated rat skeletal muscle In vitro included the 
following siabpeptides [6 J and [7], i.e. . amylin 27-:37, and ser^, 
ser^ amylin 1-16: 

[6] ^27 -io'^ ■■ 35 "■ ' ■■ 

Leu-Ser-S^er-ThrTAsn-Val-Gly-Ser-Asn-Thr-Tyr 



C^i 1 5 ... _ :. 10. 

Lys-Ser-Asn-Thr-Ala-Thr-Ser-Ala-Thr-Gln- 

- Arg-Leu-Ala-A§n-Phe-Leu 



In subpeptide [7], the SH-group containing cys residues at 
positions 2 and 7 were replaced by hydroxyl -group containing Ser 
residues. 

The results with subpeptides [3] - [7] indicated that 
the presence of the cys residues in positions 2 arid 7 is 
necessary for activity in the nolecule/ and that there is 
residual activity present in the absence of an intact cys(2) - 
Cys (7) disulfide bond. 
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5^^®"^ ' ill. Exafflple.-4 .below, 

^^®,^^PfP-^ii^=,:??yiin 27-37 and oewi 27-37. can act ..to 
^f^^/^i^P^'^M. ..insulin produced by the 'islets of . .Laiigethans 
i° ^®fP?l^s® to a standard glucose challenge. .... 

f f^^^*=^^fy' ^ylin peptide Itself can be used to 
prepare compounds .that tend to neutralize or impede its activity, 
for example, by reduction, by deamidation, or by the use of 
proamylin and, tous, to-.treat ,!^^^^ diabetics.- -One approach 
"lates,to id^tification of the active site, or sites of the 
agylte. molec^^^ followed by the alteration of those active sites 
of t^^: Win peptide sequence, by substitution of amino acids 
within the active site by other amino acids, so that the peptide 
does not lose its binding affinity for the receptor site, but 
upon binding is unable to promote activity, and theriby blocks . 
the effect of,. amyiin.. This approach^ can, be applied to the 
C-teiainaO,, active sites of amylin and C^, ■ namely amyl in 27-3 
a«.d.CG|iP 2.7r37, and has already been demonstrated with the 
H-terininal active site of amylin, that portion, of the molecvile 
Which is active in, inducing an inhibition of the rates of basal " 
and insulin-stimulated glycogen synthesis in muscle. Thus, we 
have Shown in Example 3 below that the substituted subpeptLe 
ser^. ««^'w^in i-16;,.%P^tide .,C7] . above, ameliorates the 
a^im effect in muscle, other substituted antagonists include 
ser-, ser' amylin, ser^, ser' CGRP and ser^, ser^ CGRP i-ig 
substitution Of Chemically , altered amino acid residues within the- 
active regions of the peptides or subpeptides will also 
accomplish the objective of maintaining binding affinity without 
resulting activity, l^e inccrpcation of chemically altered 
residues i.to the amylin or CCRP active sites can be accomplished 



Wp 89/06135 . / PCr/US89/00049 

by incoipb^ting chemically altered,, activated residues intp the 
synthetic protocol described herein. Target residues for 
substitution include those at amino acid position 2-7, 9, 11-13, 
15, 16, 30-34 and 37. . 

Crystaiographic analysis of the ..structure ot aayiin, 

yith its receptor, or part of its 
receptor,, will allow analysis of the' interactions between aayiin 
and its receptor. Sucii analysis will allow the determination of 
those residues which are of primary importance in the interaction 
between amylin and it^ receptior, .and will in turn indicate which 
residues ||hq.uld be changed in ordear to produce an effective 
^^??°?^il:f.*^r. . ^® structiiral. analysis of the. anylin-amylin 
'!®'=^?;^?£^;^^5®^3ctiOT allow .the determination of the 

likely molecular shape and other structural features necessary in 
an organic inhibitor. See, e.g.. BjorJcman PJ, Saper MA, 
Samreoui, Bennett ws, stromlnger Jh, Wiley DC, struetur-a of tha 
human gAagg x histocwnpatibilltv anti««>n , HiA-Aa , Nature 1987; 

.^^f'^^^ l: . aJiSpt Bj qrlonan PJ, Saper MA, Samraoui b, 
S«^?t1r..^??'..Strpminger JL, .Wil^y DC, The foreign antigen h^nHl^^ 
Site and T cell recognition regions of e1a « s I hisl-oi ^ ^mpat-ihi i ^^-y 
antigens. ^.Na.ture 1987; 329:512-518, 

The metabolic control of the production of amylin from 
the islets Of Langerhans can be determined as follows. Using the 
experimental protocols outlined in Example 1 below, and using a 
standard radioimmunoassay or inimunonetric assay developed for the 
measurement of amylin in biological fluids (^gg Yalow RS, Berson 
SA> J Clin Invest i960; 39:1157), it will be possible to deter- 
mine the metabolic variables which control the synthesis and 
release of amylin. so, for example, isolated islets can be incu- 
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bated with a variety of concentrations of candidate molecules, 
both interaedlary aetabpi^^^ sudh .e^s. 

b^o^ogic^lly active iei^ides, to determine . i^hich ^ exert 
a positive, and Which a negative, effect on the syntiiesis and 
release Of amrylin. , .The response of the islets to the various 
signals can be deteaained by m^sm^enent of the synthesis and 
release of aaylin into the mediua in which the islets are incu- 
bated, and also by determining^ ^tte rate of synthesis of aaylin 
specific aWOL. one can then examine the effect of blocking . 
moiecules.on this mechanism using the same techniques as outlined 
below for the anylin receptor itself. 

.; ... Jdentlfication of the amylin receptor site will make it 
possible to provide for the direct blockage of its activity, m 
one embodiment of the invention, monoclonal antibodies which 
block insulin resistance^are pi^^ined by .^^^^ methods, 
using known techniques, following identification and, if desired, 
purification .Of the amylin receptor site, monoclonal antibodies ' 
against the receptor, are raised, sse, e^, Roth pa, cassell Dj 
Wong KY, Maddux B., Gpldfine ID, Mo i^onal ^.^.^.^ l .^^^^ 

iim ^suli. recept o r MocV in.uT.n inT.M, f„; 

aS^. Proc Natl Acad Sci USA 1982; 79:7312-7316, 

Antibodies. t„,the.a^i^..r,ceptor. can be.raised in 
BAia/c or other similar strains of mice by i^unization with 
purified or partially purified preparations of amylin receptor 
or w,«, ,e,,3 With a high concentration of a^lin receptors. 
spleens of these mice can be removed, and their lymphocytes fused 
to a mouse myeloma cell Mry^ 

y ma cell ixne. After screening of hybrids by 

antibodies against the amylin recentov- c w 

-«yiin receptor. Such activity can be 
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deanon^trated by the ability of toe antibody to preyrat ihe hind-. 

55.*:.®^*°?^v-..^® can then be examined for -its 

ability to prevent the actions of amylin with respect to inhibi- 
tion of glucose-induced insulin secretion in isolated islets and 
production of insulin resistance in skeletal muscle, as described 
in the examples belw.^^^M^ analysis of the .. 

of the . insulin resistaiice or 
insulin-release inhibit ory , act ioiis of amylin can be performed 
H^?-M5f'?f;^*i^^. screening tests as outlined in Examples 1 smd 2 
below, substituting the monoclonal, antibody, for the substituted 
peptide in the escperiaental design as in Example 4 below. 
Certain endocrine hormones, including growth hormone and the 
glncocorticocoids, exert: IJi^ir metaiw effects by altering 
*^a.nscciption of target genes. There currently exists precedent 
for using steroid hormon^ antagonists to block the effects of 
steriq<^ hormones. .Steroid activity is modulated by a series of 
transacting .factors. Therefore factors .which alter function of 
these transacting factors can alter the effects of steroid 
hormones- on target genes. 

A further approach ijnyolyes the use of anti-idiotype ■ 
antibodies.: _ Anti-idiotype| antibodies are . raised against 
monoclonal antibodies ..directed against amylin such that the anti- 
idiotype will have complimentary binding affinity for the amylin 
receptor site without, of course, the activity promotion 
associated with amylin binding. Utilization of anti-idiotype 
antibodies for blocking viral binding to cells is known in the. 
art. sge Kaufmann RS, Noseworthy JH, Nepom JT, Finderg' r. Fields 
BN, isreene MI, Cell receptors for ^airnnai i.o — im- 
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J Umnunol 1983; 131:2^39-2541. See also Burdette S. SchWirtz 
^\ Puryeni: concept's: Tu iraunoioqv ^ i dlotvnas Idla^yr ^" 
networks. Med Int 1987; 317: 219-224. 

.^^^ . <^^^^ also be prevented [by Utilization of 
r®^?^®®-.^''®^"^'*'.^^''^^^ crpss-linJcing agents. This 

tedhniqae allows for binding of tha receptor by cross-linked 
^'^y^i? .and/or amylin agonists with an agent so. that aaylin 
activity is prevented. By cross-linking ^<Sh a labelled agent 
to. for example, aaylin, CGRP, or biologically active subpeptides 
of either of tiiem, using known .techniques fsee. e.g. , r.»t^^^y et 
^°^°y^nitY labelling of pent^H e horTnnno hindina J 

^'iP CC, Yeung cw/ Moule .m.,. 
Pnotoaff inity JLabeillnq pf insu li n receptoT- ^^teti^a of i 
p;L4sn^ Hiembrang prepaT-atlon^ . Biochemistry 1980; 19: 70-76 f cross- 
linking agent N-hydroxysuccinimide ester of p-azidobenzoic acid) 
they will prevent activity upon binding to the amylin receptor. 

caiemical cross linkers, such as disuccininidyl 
suberate, the .N.-hydrPxysucciniiaide ^ster of .p-az^^^ acid, 
or other similar chemipal .compounds yill be covalently bpund to 

.??. st2bpeptides.of the amylin Bolecule, or other amylin 
agonists su^ ,CGRP, ,^y the appropriate standard methods as 
reported in the literature. The derivative will then be purified 
by chromatography on CM-cellulose, or another appropriate 
stationary phase, and the puritjr assessed by polyacrylamide gel . 
electrophoresis or reverse phase chromatography on C-8 or c-18 
columns, with a mobile phase of o.l* or i* trifluoroacetic acid 
and an. acetohitrile gradient, i^e cross-linked molecule is 
Moassayed for its ability to inhibit the insulin-inhibitory and 
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insulin-resistance producing effects of amylin, according to the 

experimental protocols outlined in the examples below. The 

crosslinked amylin will be . assessed „f or its ability ,1:o bind to 

^^f'* ^9^ its lanaunoreactivi^, and ia labelled with 

12S " .' 

^..f"^ e^anple, to enable it to be used as a probe for the 

defection of the amylin receptor. 

Another approach to the construction of suitable aaylin 
competitive inhibitors involves biological screening for 
synthetic or other antagonists. Here, suitable competitive 
inhibitors are determined by in vitro experimentation, whereby a 
pptential, antagonist is added to isolated muscle or muscle cells 
and purified amylin, in the presence or absence, of insulin,, and 
55^^510?^. j^PtaJce by cells in the tissue culture are monitored. An 
increase in aptak^ in the pressn'-^ £t* a .potential antagonist will 
indicate the compound had the required inhibitory properties. 
This approacii allows for relatiy^ely quick microtitre plate 
analysis of numbers of potential synthetic antagonists. Isolated 
hepatocytes, islets of Langerhans or isolated islet B cells can 
also be used in a similar protocol in which increased insulin 
output ,i.s.^,5ionitore<? instead. 

Additionally, immunoassay screening can also be 
utilized. Whereby synthetic or other antagonists which displace 
amylin or anti-idiotype antibodies from monoclonal . antibodies, 
immobilized in microtiter wells will demonstrate that such 
antagonists should be evaluated under the biological screening 
parameters discussed above. The compound to be tested or the 
amylin or- anti-idiotype antibodies nay be labelled. Immunoassay 
screening can be utilized as a first phase screening technique 
for a variety of potential antagonists. These screening methods 
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can include use^of^ one^pr^^ and/or , negative 

controls. ' ' ' 

■■^v;^^^^^^^ assist in 

^® invention and should not, of course, be 
construed as specifically limiting the invention described and 
claimed herein. .; Such yarUtions. :Of. the inventions which would be 
within the purview of those in the art, including the substitu- 
tion Of all eguivalents now lqic^ later developed, are to be 
considered tp .fall within the scope of the invention as 
hereina;fter claimed. 

• EXAMPUE 1 ■ , : 
These experiments illustrate the fact that native 
amylin and synthetic, unamidated amylin both reduce the rate of 
glycogen syndesis , in bPth basal and insulin stimulated. modes. 

A"**^4-a; eacperiments were perf prmed with amylin-peptide 1-37 
which was synthesized according to the method of Baray and 
^^^M^^h^' «s outlined above, in which the disulfide bridge 
between CysC2) and Cys(7) had been reformed. 

After having been starved overnight, rats were 
sacrificed and soleus muscles strips were prepared as previously 
described. .5^ crettaz '^rer^i , Zaninetti , D, : Jeanr^aud B, 
i nsulin rPM>tance Tn .soIpus mu^ci. ^^^^ ^^^^^ ^„^^_ 

Bioch^ J 19ao; 186:525-534 and Espinal J., Dohm L, Newshoime Ea, 
s ensitivity to insuHr, of ^rlvrmv.i. ... , 

i^olateg KOTen.. muscl. .tripe from s edent.rv. ......... 

g xercise-traiTiPd r^ t<-, Biochea J 1983; 212:453-458. 

The isolated muscles were transferred immediately into 
siliconized 25 ml Erlenmeyer flasJcs containing Krebs-Ringer 
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bicarbonate > ?7*9 witA toe followi^ composition (in 

aM) ; NaCO,.. NaHCpj (22) , Kql (4) , CaClg (1.1), 

KH^rPO^ f?-^^f. f pyruvate (5) , . succinate (S) , l-glutamate 

(5), d-glucose (5,. 5.) .,: Defatted bovine serum albumin (Sgs Chen R, 
Removal of fattv acids from ser um albumin bv charcoal treatment . 
J Biol Chem 196 to a final concentra- 

tion of .jl.^,^^^^^ and the. pH was adjusted to 7,31. - The medium was 
gassed with, P2/CO2 (95/5) during preparation; flaslcs were gassed 
witli^p2/<3p2 co^^^ the incubation. After 30 minutes 

pre-incub.ation the muscles were transferred into other flaslcs 
with identical Ktebs-Rlnger bicarbonate buffer with pyruvate, 
succinate or 1-glutamate, containing UDP-^*c-glucose (0.5 /xci/ml) 
and various, con of insulin (l, 10, .100 and 100 .?iU/L);. 

toj:liri was tfo give a. final 

concentration of 120 nmol/L.. After 60 minutes incubation the 
muscles jrere quickly removed, blotted and freeze-damped. in 
liquid Nj and processed for determination of the extent of UDP- 
^*C-glucose incorporation into glycogen. See Guendet Q,, Loten 
E, Jenrenaud B, Renold A, Decreased basal non-insulin stimulated 
.glucose uptake and metab olism bv skeletal soleua puscle isolat^grf 
.froi!| obese-|>ybeyqlyc4gm;i,c mApe. ..J. Clin. Invest. 1979; 58:1078- 
1088, The effects of insulin on glucose transport were 
determined by measurement of rates of conversion of glucose to 
lactate. Sge Leighton Challis RAJ, Lozeman FJ, Newsholme EA, 
Effects of dexamethasone o n insuHn-stimulated rates nf 
g lycolysis and glycogen gynthesis in isolai^^d ^^c ubated sVoio^.i 
m uscles of thP r at. Biochem J 1987; 246:551-554 and Engel P, 
^' pauses and elimination of erratic bla n ks in 
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metabolil^e assays invmvincT the use of mad^- <n ^ i jcalina hy '^— 
feH^gfirig. Anal Blochem 1978 ; . 38:475-484. 

The results are set out in the accompanying TABLE 1, 
showing the rate of glycogen synthesis (measured as the rate of 
incorporation of "c-TOP-giucose into : glycogen) against insulin 
concentration in the presence and absence of amylin. The 
experiments were perfonned in ^the presence of 120 nanomoles per 
lite;: of amylin.. Each result at 1 and loo microunits per mL of . 
insulin concentration is the mean of ii replicate experiments. 
Each result at lo and lOOO microunits per mL is the mean of 5 
replicates. 

The results demonstrate that at all physiological 
concentrations of Insulin (from 1 to lOO microunits per mL) , 
glycogen synthesis is slowed in the presence of amylin. The 
differences are statistically significant (p is less than Cos at 
1 and 100 microunits per mL by the Mann-Whitney u test) . 
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Dose Response: Amylln vs. Glycogen Synthesis Inhibition 

EFFECT OF SYNOWET IC AMYLIW AT VARIOUS IWSni>TN CONCENTRATIONS 

(Constant' ADyiin Cohcehtratioh: 120 nmol/L) 



GLYCOGEN SYNTHESIS 
(;«nol/h,'g) * 



INSULIN 
CONCENTRATION 
(/iU/ml) 

1 

10 

100 , 
1000 ,. . 



CONTROL 
■ ONLY 
Repl. Hean Error 



11 
5 

11 
5 



...i2..09. 
2.25 
S.3Z 
4.10 



^.la 

0.52 
0.26 
0.72 



AMYLIN 
ADDED 
Mean Error 



1.54 
1.72 
4.33 
.4.50 



0.18 
0.21 
0.28 
0.36 



RELATIVE 
GLYCOGEN 
SYNTHESIS 
INHIBITION 

26% 

24% 
. 19% . 



* — micromoles glucosyl units per hour gram wet muscle tissue. 
RELATIVE GLYCOGEN SYNTHESIS INHIBITION equals the percentage by 
which glycogen synthesis is reduced from control. STANDARD ERROR 
of the mean is defined as the standard deviation divided by the 
square root of. the number of replicates. 



. It will be observed ..that the inhibition of glycogen 
synthesis l)y amy! in persists at low, and presumably even zero, 
insulin concentrations. Amylin therefore has its own action, 
which is contrary to that of insulin but probably not mediated by 
direct antagonism of insulin action, in support of this, we have 
observed that amylin is not capable of significantly displacing 
Insulin from its receptor on red.blood cells. This evidences the 
existence of a receptor for the peptide amylin in the skeletal 
muscle cells of the rat. Of course, this experiment was 
performed with amylin synthesized according to the human sequence 
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and it is litely, a^1Aough..as. y^^^ the sequence of 

• :'^iftinrt fro» that of hu^n. amylix,.^ . >herefore, 

?.lso, likely tAat toe effect .of. ^^^^^^ In. this system 

..Jsolated native aaylin also has the biological effect 
Of inhibiting the rates of basal and insulin-stimulated glycogen 
synthesis in skeletal muscle, as the following experiments 
demonstrate. , Experiments were performed with human amylin, 
isolated, and , characterized of a .human Type 2 , 

diabetic Recording to the method of Cooper GJS et al. , Proc Natl 
^d,S5i.l987f. 84:8628.8632. Samples used were from the broad 
peak area,,of the final, isolation step of HPLC reverse phase 
chromatography with a mobile phase of i.o percent trifluoroacetic 
acid, with gradient elution by acetonitrile from 5 to 80 percent 
over 45 minutes , on a .C-18 column with detection 'of peptides by 
Ultraviolet spectrophotometry at 280 nm. The exact cbncentration 
Of amylin was confirmed, by quantitative amino acid analysis and 
by t;ha yield, on amino acid sequencing. A graph can be 
constructed showing the elution profile of amylin/ with the Y- 
axis representing an AUFS^g, of o.02 or 0.05 absorbance units 
(Mm; absorbance units, full sc^le deflection) and the x-axis 
the percentage. acetonitril, . in th,.gradient, .Amylin elated at an 
acetonitrile percentage of 67.9 percent. 

The experiments were performed in the manner indicated 
in Example 4 below, except that amylin isolated from a human 
diabetic pancreas was used in place of material synthesized 
Chemically, samples indicated as "amylin" contained native 
-ylln at the stated concentrations, as well as insulin at a 
basal concentration Of lo .u/mL (table 2) , or at the stimulatory 
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level of 100 M^/mL (TABLE 3) . These results are presented below 
in TABLES 2 and 3, where n represents the number of replicates in 
each group. , The -.rates, pf glycolysis, as' .indicated by the rates 
of laptate synthesis r were not significantly different, between 
groups. ; Statistical cmalys4& .w^^ by the t-test, and 

significance was assessed as the difference bet>^een an amylin 
treated sample .and the appropriate insulin-treated control. 

Table 2 

Glycogen Synthesis Inhibition in Rat Muscle Cells 
EFFECT OF NATURAL WHOLE AMYLIN AT BASAL INSULIN CONCENTRATTQN 

(Insulin Concentration: 10 /iU/al). 







AMYLIN 

CONCNTRTN 

(ninol/L) 


i^epl. 


(Mmol/h/g)* 
Mean Std 
Value Error 


RELATIVE 

INSULIN 

RESISTANCE 


None (Control) 






4 


1.43 


0.10 


0* 


Amylin, Fraction 
Amvlin- Fraction 


2 . 
3 


- - 0-4. 
0.4, 


. 

•• • -3 . 


1.^2 
1.12 


0.06 
0.06 

6.06 


. 22% 
221 

'" \-22%''- 


'.Average 








Amyiin, Fraction 
Amylin^ fraction 


2 
3 


2.0 
2.0 


"4 
4 


0.82 
0,62 


0.12 


43* 
521 


Average 








0,72 


0.12 


50% 



* — riicromoles glycosyl units per hour per gram wet muscle 
tissue. RELATIVE GLYCOGEN SYNTHESIS INHIBITION equals the 
?mff^''^^^® Which glycogen synthesis is reduced from control 

divided by the square root of the number of replicates. All 
measurements of glycogen synthesis were determined by the T-test 
in ^Ji^^aji^i^ntly different from the contrdl valuf wS? p<S 025 
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Tabla 3 • • 

Glycogen Synthesis Inhibition in Rat Muscle Cells 

EPFECT OF WATORA-L WHOLE ;VMVLIN AT STIMPTATOPV 
INSUrJN CONCENTRATION 

(Insulin Concentrations 100 /aU/ml) 



Experimenl; ^i 

Kone .(Control) 
Aavlln. Fraction a 

Experiment |? 

None (Control) 
Amvlin. Fraction a 



AMZLIN 

CONCNTRTN 

(nnol/L) 



0.4 



GLYCOGEN Sy ii^v.tzrrs 

(imol/h/g)* 
Mean std 
'Real. Value Error 



2.0 



3 

A 



4 

5 



2.83 



3.69 
1.97 



0.10 
0.29 



0.57 
0.45 



RELATIVE 

INSULIN 

RESISTANCF. 



. 0% 
221 



0% 



*;-- SSS Table 2 for explanation. 



It can be seen that concentrations of extracted anylin 
as low as 0.4 n»ol/L are effective in significantly reducing the 
rate of both basal and insulin .stiiiulate synthesis in 

isolated rat muscle, and that an amylin concentration of 2.0 " 
Tinol/L reduces the basal rate of glycogen synthesis by 50 
percent, and the insulin-stimulated rate by 47 percent. This 
must be contrasted with the results of the previous experiment 
performed in an Identical manner but with chemically synthesized 
amylin, in which a concentration of unamidated. synthetic amylin 
Of 120 nmol/L was required. to produce a significant reduction in 
glycogen synthesis. 
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These resiilts denonstrate that amylin extracted from a 
natural source was more pote^nt than amylin that was chemically 
synthesized as described, by at least a factor of 120/2, or 60 
fold. This indicates that there is a feature of the isolated 
molecule that is not conpletel;^ reproduced by synthesized 
material. This may be beMusa the r^^^ the Cys(.2). - 

q)rs(7) disulfide bridge is incomplete in the synthetic molecule. 

• ■ :.. Example 2 

Experiments with synthetic subpeptides of amylin were 
also performed, the individual structures of which have already 
been identified above as subpeptides [3] [5]. Amylin 
subpeptides used in ejqjeriaients accomplished by the aiaove methods 

.^1? glycogen-synthesis-inhibitory active site of 
amylin included: [3] Amylin 1-16, with the Cys(2)-Cys{7) bridge 
reformed; [4] Amylin 1-16, reduced? [5] Amylin 8-37; [6] Amylin 
27-37; and [7 J Aiylin l-rl6 with Ser residues substituted for the 
Cys residues 2 and 7. 

All peptides wer-e^synthesized on an Applied Biosystems 
430A Peptide synthesizer, using commercially available Pam resins 
^^?*=-^*i,^lo.xycarhonyl protected amino acids and reagents, with 
cleavage o^ the pepti^^ from the resin an^ the side-chain 
protecting groups simultaneously by anhydrous hydrofluoric, acid 
treatment with anisole as a free radical trap, followed by 
extraction of side-chain protecting groups with ether, dissolu- 
tion of the peptide in 15 percent ■ acetic acid, filtration from 
resin and purification by HPLC on a c-8 reverse phase column 
(Aquapore RP-3000, Brownlee Laboratories, Santa Clara, Ca) with a 
nobile phase of o.i% aqueous- trifluoro-acetic acid on an aceto- 
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nitrile gradient . and . detection of . peptides by ultraviolet 
spectrophotonetry at 206na. The disulfide bridge linking the 
cysteine residues at posittons;2 and 7 of peptide [3] was 
reformed by. the , following method, After synthesis, the pepti4e 
was .dissolved in dilute solution in water at pH 8.0 for 12 hours, 
and vas...then recoverec^; by , lyophilization and repurified on a High 
Performance,..Liguid; Chromatography (HPLC) . system, by reverse phase 
chromatography in an acetonitrile - aqueous 0.1% trlfluoroacetic 
acid system with detection of peptides by ultraviolet absorbance 
at 206 nm. Sge, e.g. .-.cdoper G.J.s. ,i „, proc. Natl Acad. 
Sci. USA. 1987; 84:8626-8632. The disulfide bond of peptide [4] 
w^s retained in a reduced.. . f otm ^y . reduction , with :dithiothreitol 
after .the de-blocking ..i)r^^ following synthesis. 

^^fhB! res^;|;i^. .indicated that significant activity was 
present in the subp^tides [3], [4] and [5], J^, amylin 1-16 
with Cys (2)-Cys (7) reformed by oxidation, amylin I-I6 reduced, 
and amylin 8-37 (data hot shown') Activity was absent from the 
subpeptides [6] and C^:, 1^, ffbm aiylin 27-37 and anyiin^.l^^^^^ 
with serine residues substituted for cysteine residues. 
Accordingly, the. activity of amylin in inhibiting t^e rates of. 
both basal and insulin-stimulated glycogen synthesis in skeletal 
muscle are dependent on certain features of the amylin molecule: 

^* JSh of the cys residues at positions 2 

and 7 an the molecule; - .. - , • ^ . 

^' ^^Lf'*'*^""* ^® sequence between residues 7 

Examnle 

Experiments using amylin I-I6 with serines substituted 
for cysteines- at positions 2 and 7 (ser^ ser^ amylin 1-I6, as an- 
amylin blocker were performed as described in Example 2. We 
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utilized an artificially synthesized peptide amylin 1-16, with 
serines substituted for cysteines and extracted human amylin. ■ 
Experiments were performed with amylin concentrations of both 2.0 
and 0.2 nmol/L, a stimulatory insulin concentration of 100 uU/mL, 
and with the ser^, ser'^ amylin 1-16 at a concentration of 10"^ 
mol/L. The results, obtained .in these experiments are included in 
the following TABLE 4. 

"table 4 "'. : ' \^ 

Amylin Antagonist Reduction of Glycogen Synthesis Inhibition 
EFFECT OF MODIFIED AMYLIN SUBPEPTIDE SER^ SER^ 

AMYLIN 1-16 IN RAT MUSCLE CELI^ -/ 
(Stimulatory inst'lin Concentration: 100 fiV/ml) 

GLYCOGEN 

SYNTHESIS 

CONCENTRATION (/xmol/h/g) * Rltv RItv 

^ (nmol/ml) Mean Std. Insulin Antg 

AMYLIN ANTG Repl. Value Error Resist Effect 

Experiment ^1 

None (Control) .0.0 0 3 2.83 o. 10 0% 

Amylin alone 0.2 o " 4 2.00 0.29 29% . 0% 

AB^lin & Aiitgnst 0.2 10,000 3 2.22 0.72 22% * 24% 

Experiment' it2 " 

None (Control) 0.0 0 4 3.69 0.57 0% 

Amylin alone 2.0 0 . 3 1.97 0,45 47% 0% 

Ainylln & Antgnst 2.0 10,000 3 2.63 0.29 20% 38% 



* ~ micrbmoles glycosyl units per hour per gram wet muscle 
tissue. RELATIVE GLYCOGEN SYNTHESIS INHIBITION equals the 
f^ffm?*^^® ^^^^ glycogen synthesis is reduced from control. 
RELATIVE ANTAGONIST EFFECT equals the percentage by which 
insulin resistance is reduced from amylin alone. 

dT5?SJf H^'^S'' standard 3I;iation 

divided by the square root of the number of replicates. 
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^ese r^uits denonstrate: that the eunylin used at. 
concentrations of both 2.0 amol/L and 0.2 ninol/L was active in 
tiie inhibition of glycogen synthesis, with a significant decrease 
over controls in both experiments. On. the other hand, after the 
addition of ser^, ser^ anylin 1-16 there was no significant 
difference between the insulin stinulated rates of glycogen 
synthesis, and that in. the sauples with insulin, anylin and serS 
ser'.aaylin l-is treated, muscle.. Although the inhibitory effect 
of the serS ser^ anylin 1-16 is incomplete, it can clearly be 
seen that the rate of glycogen synthesis moved back toward the 
uninhibited rate in both experiments at the two concentrations of 
amylin (2.0 and 0.2 nmol/L) . 

Thus, a competitive inhibitor of the action of amylin, 
in this case ser^, ser^ amylin 1-16 (of the t^e in which 
different amino acids are substituted for important residues 
within the active site of a peptide), is capable of partially 
ameliorating the insulin resistance produced by amylin alone. 
Additionally, the substituted peptide ser^, ser^ amylin i-ie is 
an inhibitor, we believe a competitive inhibitor, of the effect 
of amylin to inhibit the rate of insulin-stimulated glycogen 
synthesis in isolated, skeletal muscle. 

EXAmptj: a 

The following experiments illustrate the fact that 
subpeptides of amylin can act to reduce the amount of insulin 
produced by isolated islets of Langerhans in response to a 
standard glucose challenge, similar results have been obtained 
using Whole amylin. All experiments were performed by known 
Bethpds u.ed in experimental practice. See, e.g., i^^ey pe, and 
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Kpstianoysky M^. Method for the isolation of intact islets of 
Lanaerhans from the rat pancreas . Diabetes 1967; a6:35r39. 

^Briefly, rats were killed, and islets of Langerhans 
were isolated from their pancreases. Experiments were performed 
either with freshly isolated Islets or after overnight incubation 
bf islets (23 b)- in standard culture medium and conditions at 
37;.C. Synthetic amy 1 in peptide^ 27-37 or synthetic calcitonin- 
gene related peptide (CGRP) was dissolved in a l.o mmol/L citric 
c^pid/so4ium citrate buffer, pH 3.0, and the concentration of the 
amylin 27:-37 was verified by quantitative amino acid analysis. 
See. e,q. . Cooper GJS et al., Proc Natl Acad Sci USA 1987; 
84:8628-8632. Incxibation of islets for these experiments was 
carried out in . standard Krebs-HeiM and it was 

verified that the addition of the l.p mmol/L citrate buffer had 
no effect on the pH. of the incxsbation medium. , Stimulation of 
islets .was carried out at the standard stimulatory glucose 
concentration of ip mmol/L. 

Production of insulin is expressed as /xU/islet/h- All 
experiments were performed with .five replicates per point. The 
integrity of the islet .response , was assessed by comparing the 
refponses .after stimulation of different aliquots of islets by 
two and ten mmol/L glucose, respectively, and the strength of the 
inhibitory response was judged against that induced by i Mg/ml 
(650 nmol/L) somatostatin. Somatostatin is a 14 amino acid 
peptide which is a known, potent inhibitor of the insulin 
secretory response of islet B-cells to glucose, see Arimura A. 
Biomed res 1981; 2:233-257. CGRP has also been shown to be a 
potent inhibitor of glucose stimulated insulin secretion. See 
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Petterson M, Ahren^ B,. Bottcher 6, Sundler F, Endocrinology 1986; 
119:865-869. 

The results are shown in TABLE 5 below and all results 
are expressed as ± standard error of the mean (s.e.m.).. The 
significance of differences between the means of groups is 
*"®f*®f ^ t-test. The result, of stimulation by 10 naol/L 
glucose i? compared, yith the results of stimulation at 2 mmol/L 
glucose, in all other .experimental conditions, the significance 
of the inhibitory effect is measured against the effect of 10 
mmol/L glucose alone. ■'' 
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Tablfr 5 - 

- . INSULIir SECRETION IN SAT ISLET CELLS 
Pffect of Synthetic Partial Ainy Mn and Q«i^r Hormoni^s 
(Stimulatory Glucose Level: 10 nmol/L) 



SOBSTANCg 
INHIBITTOy 

Npne (Coritrql) 

Amylin 27-37 . 
Amylin 27-37 
Amylin 27-37 



Somatostatin 

CGRP 27-37 
CGHP 27-37 
CGRP 27-37 



Concentration 
Xnmol/Ll 



1000 
100 
10 



650 

1000 
100 
10 



INSULIN PRODUCTION RELATIVE 

INSULIN 
SECRETION 





(MU/islet/hr) 


Repl. 


Mean 


Std. 


Value 


Error 


5 


. 80 


14 


5 


65 


17 


.. .5 


48 


9 


S • 


45 


■ 7 


■5 '• 


44 


12 


5 


46 


10 


5 


36 


8 


. 5 


36 


■ 9 



0% 

19% 
40% 
44% 



45% 

42% 
55% 
55% 



KS^J^'f ^ SUPPRESSION equals the percentage by which 
insulin production is reduced from control "cgIp" - \ • 
iSene Related Peptide. STANDARD ERRoTlTlke meaf is"deliSd°as" 
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the standard deviation divided by the square root of the number 
of replicates. , . ...o-- '.'.-^ - . 

These eiq^eriments indicate that the peptide amylin 27-37 is a 
* potent inhibitor of glucose stimulated insulin secretion from the 

isolated rat islet* There was no significant difference between 
the inhibition of insulin secretion seen with various concentra- 
tions of amylin 27-37 and that seen with somatostatin (1 ug/mL; 
650 nmol/L) , a Jcnown potent inhibitor of insulin secretion, or 
with the varying concentrations of the peptide CGRP 27r37. There 
was a trend for the inhibition caused by CGRP 27-37 to be 
slightly greater than that caused by amylin 27-37, but this never 
reached significance* 

As an insufficient insulin response to glucose is one 
of the characteristic pathophysiological features of Type 2 
diabetes, amd as there is likely to be an excessive production of 
amylin in that state (as shown by the presence of large amounts 
of amyloid) , this action of amylin may very well be diabetogenic 
(tending to cause diabetes) • 

Utilizing the information provided in Example 3 above, 
one or more amylin peptides with substitutions of amino acids in 
the sequence of amylin 27-37 can be produced as an inhibitor of 
the effect of amylin 27-37 in inhibiting the insulin response to 
a glucose, stimulus. Such a substituted peptide, and other 
compounds with similar properties, will be of great benefit in 
treatment of Type 2 diabetes mellitus. 

4 .. . i J 
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1. A method for the treatment of Type 2 diabetes 
mellitus and symptoms thereof .comprising the administration of an 
amylin antagonist. 

2. .The jnethpd of .claim 1 wherein said amylin 

is capable of competitively binding to an amylin 
receptor. . ° 

. 3* The method of claim 1 wherein said amylin 
antagonist comprises sxibstituted amylin. 

4. The method of claim S wherein said substituted 
amylin is ser^, ser^ amylin. 

5^ The method of claim 1 wherein said amylin 
antagonist comprises a subpeptide of amylin. 

6.. The method of claim 5 wherein said subpeptide is a 
substituted amylin subpeptide. 

.7. The method of claim .6 wherein said substituted 
amylin subpeptide is ser*, ser' amylin 1-16. 

8. The method of claim 1 wherein said amylin 
antagonist comprises a cross-linJced amylin agonist. 

9. The method of claim 8 wherein said agonist is 
selected from the group consisting of amylin, amylin l-is, amylin 
8-37, amylin 27-37, calcitonin gene related peptide, calcitonin 
gene related peptide 1-16, calcitonin gene related peptide 8-37 
and calcitonin gene related peptide 27-37. 

10. The method of claim 2 wherein said amylin 
antagonist comprises an antibody directed to said amylin 
receptor. 
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U. The method of claim 10 wherein said antibody is 
monoclonal. 

12. The method of claim 1 wherein said amylin 
antagonist comprises an anti-idiotype antibody against an 
antibody directed to amylin. . 

-.13. The method of claim 12 wherein said anti-idiotype 
antibody and/or said antibody directed to amylin are monoclonal. 

.14. The method of claim, i wherein said amylin 
antagonist is synthetic amylin. 

15. The method of claim 1 wherein said amylin 
antagonist blocks glycogen synthesis inhibition. 

16. The method of claim 1 wherein said amylin 
antagonist blocks insulin secretion inhibition. 

17. The method of claim 1 wherein said amylin 
antagonist is a noncompetitive antagonist. 

18 • The meithod of claim 17 wherein said noncompetitive 
antagonist comprises an antibody directed against a molecule 
selected from the group consisting of amylin. ^nd calcitonin gene 
related peptide. 

} The method of claim IB wherein said antibody is 

monoclonal. 

- , 20. The method of claim 18 wherein said antibody 

directed against amylin or calcitonin gene related peptide binds 
in the region of amino acids 1-16. 

21. The method of claim 18 wherein said antibody 

. directed against amylin or calcitonin gene related peptide binds 
in the region of amino acids 27-37. 

22. A method for alleviating insulin resistance 
comprising the administration of an amylin antagonist. 
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23. A method for alleviating insulin suppression in 
pancreatic tissue cpinprising. fhe ,administraUon of. an amylin 
antagonist. 

." Aaylin antagonists.. , „, , 

25, The amylin antagonist of clain 24 .yhich comprises 
a cross-linked ajnyiin agonist. 

26. The.amylin antagonist of claim 25 wherein said 

agonist is selected from the group consisting of amylin, amylin 

1-16, amylin 8-37,, _amylin 27-37, calcitonin, gene related peptide, 

calcitonin. gene related peptide 1-16, calcitonin gene related 

peptide a-37, and calcitonin gene related peptide 27-37. 

..e 27. An Junylin antagoinist of claim 24 which comprises 
substituted amylin. .. . . . 

2». The amylin antagonist of claim 27 which comprises 
ser^, ser' amylin. 

29. An amylin antagonist of claim 24 which comprises a 
subpeptide of amylin. 

.30. The siApeptide of claim 29 . which is a substituted 
amylin subpeptide. 

,31. The substituted amylin subpeptide of claim 30 
which comprises ser^, ser^ amylin 1-16. 

32. An amylin antagonist of claim 24 which comprises 
synthetic amylin. 

3i3 . An amylin antagonist of claim 24 which is capable 
of competitively binding to an amylin receptor, 

.34. The amylin antagonist of claim 33 which comprises 
an antibody directed to said amylin receptor. 

35. The antibody of claim 34 which is monoclonal. 
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36. "ittejm^ an " 
^J^^^'^^^Pl^^ antibody against M antibody directed to amylin. 

37. nxe Myli^ aiita of claim 36 wherein said 
anti-idiotype antibody and/or said antibody directed to amylin 
are monoclonal. ■ 

38. An asQ^lin antagonist of claim 24 which blocks 
glycogen synthesis inhibition... . 

39. An amylin antagonist of claim 24 which blocks 
insulin secretion inhibition. 

40. The amylin antagonists of claim 24 which are 
noncompetitive. , 

41. The noncompetitive amylin antagonist of claim 40 
which comprises an antibody directed against a molecule selected 
from the group cqn^^sj;^ng.^^^ calcitonin gene related 
peptide. 

42. The antibody of claim 41 which is monoclonal. 
43.. The antibody of claim 41 which binds to amylin or 

calcitonin gene related peptide in the region of amino acids 
1-16. . .^.-^^^ , 

44. The antibody of claim 41 which binds to amylin or 
calcitonin gene related peptide in the region of amino acids 
S7-37. 

45. A method of screening for, or assaying, amylin 
antagonists comprising the steps of: 

a. bringing together a compound to be tested for 

amylin antagonist activity with isolated muscle or 
muscle cells and amylin in the presence or absence 
of insulin and in the presence of glucose; and ^ ' • • 
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r®™^"^^ said mtiscle or. muscle cells 

show Increased uptake of glucose in th^^ 
o£ .said, coaipound -bo be teis-ted. 
46. The method of claim 45 further comprising the use 
of negative and/or.. ppsitiye .controls. 

; . ♦7r .. . method of claim 45 wherein said glucose is . 
UDPglucose. 

48. The method, of claim 47 wherein said UDP-glucose is 
labelled. , - , . 

49* A method of screening for, or assaying, amylin 
antagonists comprising the steps of: 

a. bringing together a compound to be . te^^ for 

- - - f ^yli?^ ;ant^gonist activity with isolated islets of 
Langerhans or JLslet a cells and amylin in the 
■ .. presence of glucose; and 

b. detraining whether said islets of Langerhans or 
islet B cells show increased output of insulin in 
the presence of said compoiind to be tested. 

50. The nethod of olai^i 49 further comprising the use 
of negative and/or positive controls. 

51. A method of screening for amylin antagonists 
comprising the steps of: 

a. bringing together a compound to be tested for 
amylin antagonist activity with anti-amylin 
antibodies in the presence of amylin or anti- 
idiotype antibodies directed against said 
anti-amylin antibodies; and. 
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b» determining whether said compound to be tested 
displaces said amylin or said anti-idiotype 
antil5pdi.es . from said . anti-amy lin antihodies • 
^ ^ 52. The method of claim 51 wherein either or both of 
said antibodies are monoclonal. 

53 . The method of claim 51 further comprising the use 
of negative and/or positive controls. 

54. The method of claim 51 wherein said amylin or said 
anti-idiotype antibodies are labelled. 

55. The method of claim 51 wherein said compound to be 
tested is labelled. 
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